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Abstract of JP1 11 3531 3 

PROBLEM TO BE SOLVED: To provide a rare-earth (R)-iron (T)-nitrogen (N) magnet power which can 
be handled easily by preventing the oxidation of the powder causing the aging change of the magnetic 
characteristics of the power as the raw material of a bond magnet used for motors, etc. SOLUTION: 
After perhydropolysilazane is adhered to the surfaces of R2 T17 NX alloy particles by scattering the 
particles in a solution prepared by dissolving perhydropolysilazane in an organic solvent, the excessive 
solution is centrifuged in a magnetic field. In addition, the solvent is removed by evaporated in a 
vacuum, and amorphous Si02 is produced by making the perhydropolysilazane to react with oxygen or 
steam at a temperature of 80-150 deg.C in the atmosphere. Then magnet power aggregates having an 
average diameter of 30-400 &mu m are obtained by cracking the obtained massive alloy powder 
aggregate. 
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* NOTICES * 

JPO and NCI pi are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] R2T17NX system magnet ingredient powder characterized by consisting the front face in 
the end of an alloy powder it is mainly concerned with an R2T17NX phase, and this end of an alloy 
powder of one of inorganic compounds chosen from a wrap oxide and an acid nitride. However, R is 
at least one sort of rare earth elements which make Sm indispensable, T is at least one sort of 
metallic elements which make Fe indispensable, and x is a numeric value in the range of 2.6-3.2. 
[Claim 2] R2T17NX system magnet ingredient powder according to claim 1 whose inorganic 
compound is an inorganic silicon compound. 

[Claim 3] R2T17NX system magnet ingredient powder according to claim 2 with which it has one 
which is chosen from the network structure which an inorganic silicon compound becomes from the 
network structure and Si-O association which consist of Si-O association, and Si-N association of the 
network structures, and said oxidation in the end of an alloy powder is controlled by the wrap 
aforementioned network structure in the end of an alloy powder. 

[Claim 4] R2T17NX system magnet ingredient powder according to claim 1 to 3 whose mean 
particle diameter in the end of an alloy powder is 3 micrometers or less. 

[Claim 5] R2T17NX system magnet ingredient powder floe characterized by for R2T17NX system 
magnet ingredient powder according to claim 1 to 4 condensing, and making the shape of an 
aggregate whose average diameter is 30 micrometers - 400 micrometers. 

[Claim 6] R2T17NX system magnet ingredient powder floe according to claim 5 which is carrying 
out orientation in the direction where an easy axis is fixed. 

[Claim 7] The bond magnet characterized by using as a component at least any one chosen from 
R2T17NX system magnet ingredient powder according to claim 1 to 4 and R2T17NX system 
magnet ingredient powder floe according to claim 5 to 6. 

[Claim 8] The manufacture approach of the R2T17NX system magnet ingredient powder 
characterized by including the process which makes said silicon content polymer adhere to said front 
face in the end of an alloy powder by making the solution containing a silicon content polymer 
distribute the end of an alloy powder it is mainly concerned with an R2T17NX phase, and the 
process which converts the silicon content polymer adhering to said front face into an inorganic 
silicon compound. However, R is at least one sort of rare earth elements which make Sm 
indispensable, T is at least one sort of metallic elements which make Fe indispensable, and x is a 
numeric value in the range of 2.6-3.2. 

[Claim 9] The manufacture approach of R2T17NX system magnet ingredient powder according to 
claim 8 of separating the solution of an excess from the end of an alloy powder the solution adhered 
before converting a silicon content polymer into an inorganic silicon compound. 
[Claim 10] The manufacture approach of R2T17NX system magnet ingredient powder according to 
claim 9 that a means to separate the solution of an excess from the end of an alloy powder includes 
centrifugal separation. 

[Claim 11] The manufacture approach of the R2T17NX system magnet ingredient powder floe 
characterized by obtaining the floe which said end of an alloy powder condensed massive according 
to the process which makes a silicon content polymer adhere to the front face in the end of an alloy 
powder which is mainly concerned with an R2T17NX phase in the manufacture approach of 
R2T17NX system magnet ingredient powder according to claim 8 to 10. 
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[Claim 12] The manufacture approach of the R2T17NX system magnet ingredient powder floe 
according to claim 1 1 to which the orientation of the easy axis is made to carry out in the fixed 
direction by making an external magnetic field act before converting into an inorganic silicon 
compound the silicon content polymer which it is and adhered to said front face after making a 
silicon content polymer adhere to the front face in the end of an alloy powder. 
[Claim 13] The manufacture approach of the R2T17NX system magnet ingredient powder floe 
according to claim 1 1 or 12 which separates the solution of said excess while making the orientation 
of the easy axis carry out in the fixed direction. 

[Claim 14] The manufacture approach of the R2T17NX system magnet ingredient powder floe 
according to claim 1 1 to 13 which separates a solution from said floe into a vacuum or an inert 
atmosphere. 

[Claim 15] The manufacture approach of the R2T17NX system magnet ingredient powder floe 
according to claim 1 1 to 14 which converts a silicon content polymer into an inorganic silicon 
compound in a 80-150-degree C temperature region. 

[Claim 16] The manufacture approach of the R2T17NX system magnet ingredient powder floe 
according to claim 1 1 to 1 5 converted into the inorganic silicon compound which has one which is 
chosen from the network structure which consists of the network structure and Si-O association 
which consist of Si-O association, and Si-N association in this silicon content polymer by 
introducing an oxygen atom into a silicon content polymer of the network structures. 
[Claim 17] The manufacture approach of R2T17NX system magnet ingredient powder floe 
according to claim 1 1 to 1 6 that a silicon content polymer is polysilazane. 
[Claim 18] The manufacture approach of the R2T17NX system magnet ingredient powder floe 
according to claim 1 1 to 17 ground so that an average diameter may be set to 30 micrometers - 400 
micrometers after converting a silicon content polymer into an inorganic silicon compound. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a bond magnet further about magnet powder useful 
as an object for bond magnets currently used abundantly at magnet application devices, such as a 
motor and a loudspeaker, its floe, and those manufacture approaches. 
[0002] 

[Description of the Prior Art] The bond magnet of high magnetic properties using high performance 
rare earth system magnet powder, such as anisotropic-magnet powder of a Sm-Co system and 
isotropic magnet powder of a Nd-Fe-B system, is used for magnet application devices including a 
small motor. The magnet which the activity field and the amount of this bond magnet used have in a 
way of an increment every year according to the demand of the miniaturization of a device, thin- 
shape-izing, and lightweight-izing, and has various properties according to it is demanded. Although 
development of new magnet powder is actively performed from such a background, the magnet 
ingredient of a (rare earth R)-iron (Fe)-nitrogen (N) system, especially the magnet ingredient of a 
(Samarium Sm)-iron (Fe)-nitrogen (N) system attract attention in it, and early utilization is desired. 
[0003] This Sm-Fe-N system magnet ingredient is what nitrided Sm2Fel7 which has Th2Znl7 mold 
structure, what has the presentation of the Sm2Fel7N3 neighborhood is most excellent in magnetic 
properties, and saturation magnetization 4piIs=15.7kG, anisotropy field Ha=260kOe, and the basic 
physical properties of Curie point Tc=470 degree C are clarified. Since that coercive force device is 
a nuclear growth type, this Sm-Fe-N system magnet ingredient needs to make magnet powder small 
even to a single domain particle 3 micrometers or less, for enlarging coercive force. Various the 
approaches of this impalpable-powder-izing are devised, and grinding by the ball mill, the vibration 
mill, attritor, a jet mill, etc. is mainly adopted. The Sm-Fe-N system magnet powder produced by 
such approach is used as raw-material magnet powder of a bond magnet, and is used as a bond 
magnet by using organic resin as a binder. 

[0004] However, with the resin bond magnet which used organic resin as the binder, although early 
magnetic properties are good, the problem that magnetic properties deteriorate with the passage of 
time arises, and solution of this aging has been a big technical problem. The cause of this aging is in 
that Sm to which Sm-Fe-N system magnet powder tends to oxidize, and Fe are a subject's 
presentations, and magnet powder being impalpable powder and surface area being large, and is 
considered that the oxygen which exists in a bond magnet, and the invading oxygen are to oxidize 
magnet powder gradually. For this reason, for magnetic-properties degradation prevention, it 
becomes important to give oxidation resistance to Sm-Fe-N system magnet powder. 
[0005] The approach of making it into the magnet particle by which the nonmagnetic coat which it 
succeeds in the attempt which gives oxidation resistance to Sm-Fe-N system magnet powder from 
the former, for example, consists of a metal, an inorganic compound, or an organic compound is 
formed in the magnet particle front face is learned (JP,5- 19031 1,A). Metals here are the alloys 
containing Zn, Sn, Cu, In, Pb, Ga, Sb, and these, or these compounds, and inorganic compounds are 
the nitride of said metal, and carbide, and they are fatty-acid salts as an organic compound. It is 
supposed that the element which is a low-melt point point and forms Fe and a nonmagnetic 
compound at low temperature especially among these is suitable. 

[0006] Moreover, the approach of forming in a magnet powder particle front face the metal coat 
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which makes the main constituent at least one sort of Sn, Pb, In, nickel, and Cu of 0.2 - 25% of 
thickness to the mean particle diameter of a particle is learned (JP,5-230501,A). It is supposed as this 
coat shaping approach that the electroless deposition method is suitable. 

[0007] Moreover, the approach of using as the magnet powder which mixed the oxide powder of at 
least one sort of elements chosen from Zn, Sn, Pb, and Bi and grain-like calcium to magnet powder 
at a predetermined rate, and this mixture was made to heat and react to it in an inert atmosphere, 
processed the acquired resultant in water or a weak acid water solution, and covered the particle 
front face with said metal is learned ( JP,5 -326229, A). 

[0008] Moreover, the approach of adding organometallic compounds, such as diethylzinc, after 
pulverizing, making carry out decomposition generation by optical exposure, and using a powder 
front face as the magnet powder which carried out Zn coat is learned (JP,8-143913,A). 
[0009] As mentioned above, the conventional oxidation-resistant grant technique has many which 
form a low-melt point point element, especially Zn in the front face of magnet powder as a coat. 
Taking advantage of the description of Zn of a low-melt point point, this approach sticks Zn with the 
particle front face of Sm2Fel7NX system magnet powder, decreases the surface roughness of a 
magnet particle front face, and prevents oxidation of magnet powder. 
[0010] 

[Problem(s) to be Solved by the Invention] As mentioned above, the biggest problem which has 
barred utilization of a Sm-Fe-N system magnet ingredient is aging of a magnet ingredient, and it is 
thought that the greater part of this cause is in oxidation. For this reason, it is an important technical 
problem to give oxidation resistance to magnet powder. Although the above-mentioned approach is 
learned as an attempt which solves this technical problem, the Sm-Fe-N system magnet ingredient 
which gave oxidation resistance by these approaches has not resulted in utilization yet. 
[001 1] Moreover, a Sm-Fe-N system magnet ingredient is the impalpable powder which became a 
single domain particle 3 micrometers or less as mentioned above, the 2-17 system SmCo magnet and 
Nd-Fe-B system super-quenching flake which have been used for the conventional rare earth system 
bond magnet, and HDDR — the mean particle diameter is the thing of the magnitude of 100 
micrometers - 400 micrometers which is easy to treat, and the Nd-Fe-B system anisotropy powder by 
law is built so that a manufacturing installation may also suit the magnitude. On the other hand, it is 
hard to treat the impalpable powder 3 micrometers or less of a Sm-Fe-N system magnet ingredient, 
and it cannot suit the conventional manufacturing installation easily, either. It is one of the causes by 
which this bars utilization of a Sm-Fe-N system magnet ingredient. 

[0012] This invention aims at offering the Sm-Fe-N system magnet ingredient powder which gave 
oxidation resistance by different approach from the former, its manufacture approach, and the bond 
magnet using this powder in view of this situation. Moreover, this invention also makes it the object 
to offer the Sm-Fe-N system magnet ingredient powder floe which is easy to obtain as magnitude of 
conventional powder extent which is easy to deal with it, its manufacture approach, and the bond 
magnet using this floe, though it has oxidation resistance. 
[0013] 

[Means for Solving the Problem] In order to attain said object, the R2T17NX system magnet 
ingredient powder of this invention is characterized by consisting the front face in the end of an alloy 
powder it is mainly concerned with an R2T17NX phase, and this end of an alloy powder of one of 
inorganic compounds chosen from a wrap oxide and an acid nitride. However, R is at least one sort 
of rare earth elements which make Sm indispensable, T is at least one sort of metallic elements 
which make Fe indispensable, and x is a numeric value in the range of 2.6-3.2. By considering as 
such a configuration, it can consider as the R2T17NX system magnet ingredient powder (Sm-Fe-N 
system magnet ingredient powder) which has oxidation resistance. This magnet ingredient powder 
gives oxidation resistance by using the inorganic compound which consists the front face in the end 
of an alloy powder of a wrap oxide or an acid nitride as an antioxidizing layer unlike the 
conventional method of using Zn etc. 

[0014] In said R2T17NX system magnet ingredient powder, it is desirable that an inorganic 
compound consists of an inorganic silicon compound. According to this desirable example, an 
inorganic compound can be used as the stable antioxidizing layer. An inorganic silicon compound is 
specifically a silicon oxide or a silicon acid nitride. As for an inorganic silicon compound, it is still 
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more specifically desirable to have one which is chosen from the network structure which consists of 
the network structure and Si-O association which consist of Si-O association, and Si-N association of 
the network structures. These network structures are very stable and the oxidation in the end of an 
alloy powder by the oxygen in air is fully controlled by the wrap network in the front face in the end 
of an alloy powder, thus, the so-called Si-O system which has the Si-O network structure or the Si- 
O-N network structure for the front face in the end of an alloy powder or a Si-O-N system inorganic 
compound (ceramics) — a wrap — the oxidation in the end of an alloy powder is effectively 
controlled by things. 

[0015] In said R2T17NX system magnet ingredient powder, it is desirable that the mean particle 
diameter in the end of an alloy powder is 3 micrometers or less. According to this desirable example, 
since powder serves as a single domain particle mostly, coercive force can be enlarged. 
[0016] Moreover, in order to attain said object, R2T17NX system magnet ingredient powder floe of 
this invention is characterized by said R2T17NX system magnet ingredient powder having 
constituted the shape of an aggregate whose average diameter is 30 micrometers - 400 micrometers. 
By considering as such a configuration, it is easy to treat powder, is easy to suit the conventional 
manufacturing installation, and can consider as the suitable magnet powder object for bond magnets. 
[0017] Moreover, in said R2T17NX system magnet ingredient powder floe, it is desirable that said 
easy axis in the end of an alloy powder is carrying out orientation in the fixed direction. According 
to this desirable example, it becomes possible to harness the magnetic properties which were 
excellent in the R2T17NX system magnet ingredient. 

[001 8] The bond magnet of this invention is characterized by using as a component at least either 
which is chosen from said R2T17NX system magnet ingredient powder and said R2T17NX system 
magnet ingredient powder floe. By making it such a configuration, it can consider as the bond 
magnet which controlled aging taking advantage of the magnetic properties which were excellent in 
R2T17NX system magnet ingredient powder and R2T17NX system magnet ingredient powder floe. 
[0019] Moreover, in order to attain said object, the manufacture approach of the R2T17NX system 
magnet ingredient powder of this invention is characterized by to include the process which makes 
said silicon content polymer adhere to said front face in the end of an alloy powder, and the process 
which converts the silicon content polymer adhering to said front face into an inorganic silicon 
compound by making the solution containing a silicon content polymer distribute the end of an alloy 
powder it is mainly concerned with an R2T17NX phase. However, each of R, T, and x is the same as 
that of the above. 

[0020] According to the manufacture approach of the R2T17NX system magnet ingredient powder 
of this invention, the R2T17NX system magnet ingredient powder (Sm-Fe-N system magnet 
ingredient powder) which has oxidation resistance can be manufactured efficiently. That is, the front 
face in the end of an alloy powder can be certainly covered with a silicon compound by making a 
silicon content polymer adhere into a solution in the end of an alloy powder. Moreover, an inorganic 
silicon compound is a compound desirable as a stable antioxidizing layer as mentioned above. 
[0021] In the manufacture approach of said R2T17NX system magnet ingredient powder, before 
converting a silicon content polymer into an inorganic silicon compound, it is desirable to separate 
the solution of an excess from the end of an alloy powder the solution adhered. Since according to 
this desirable example the inorganic compound component (ceramic component) of an excess can be 
removed and the nonmagnetic component in magnet ingredient powder can be decreased, magnetic 
properties can be raised. Moreover, after separating the solution of an excess, it is desirable to carry 
out evaporation clearance of the solvent which remains on the front face in the end of an alloy 
powder further. 

[0022] Moreover, in the manufacture approach of said R2T17NX system magnet ingredient powder, 
it is desirable that a means to separate the solution of an excess from the end of an alloy powder 
includes centrifugal separation. According to this desirable example, the amount of the solution 
which adhered in the end of an alloy powder can be adjusted easily. In order to supply a required 
silicon content polymer, as for the adhering solution, considering as the minimum amount is 
desirable. 

[0023] Moreover, in order to attain said object, the manufacture approach of the R2T17NX system 
magnet ingredient powder floe of this invention is characterized by obtaining the floe which said end 
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of an alloy powder condensed massive in the manufacture approach of said R2T17NX system 
magnet ingredient powder by making a silicon content polymer adhere to the front face in the end of 
an alloy powder which is mainly concerned with an R2T17NX phase. By considering as such a 
configuration, it is easy to treat powder, and is easy to suit the conventional manufacturing 
installation, and the suitable magnet powder object for bond magnets can be acquired efficiently. 
[0024] Moreover, in the manufacture approach of said R2T17NX system magnet ingredient powder 
floe, before converting into an inorganic silicon compound the silicon content polymer which it be 
and adhered to said front face after making a silicon content polymer adhere to the front face in the 
end of an alloy powder, it be desirable by making an external magnetic field act to make the 
orientation of the easy axis carry out in the fixed direction. According to this desirable example, it is 
R2T17NX. The magnet ingredient powder floe which harnessed the magnetic properties which were 
excellent in the system magnet ingredient can be manufactured efficiently. 

[0025] Moreover, in the manufacture approach of said R2T17NX system magnet ingredient powder 
floe, it is desirable to separate the solution of said excess, making the orientation of the easy axis 
carry out in the fixed direction. According to this desirable example, the orientation of the easy axis 
of R2T17NX system magnet ingredient powder can be made to be able to carry out in the fixed 
direction, and it can fix. That is, it is because it will fix while the silicon content polymer by which 
the solvent which remains if the solution of an excess is separated began evaporation promptly, and 
was condensed had condensed magnet powder. The magnet ingredient powder floe which harnessed 
the magnetic properties which excelled [ do / in this way ] in the R2T17NX system magnet 
ingredient can be manufactured. 

[0026] Moreover, in the manufacture approach of said R2T17NX system magnet ingredient powder 
floe, it is desirable to separate a solution from said floe into a vacuum or an inert atmosphere. As for 
touching a lot of oxygen in the condition that the silicon content polymer is not to cover a powder 
front face by sufficient concentration, possibility that magnet powder will oxidize becomes large. 
Therefore, the magnet ingredient powder floe which harnessed the magnetic properties which were 
excellent in the R2T17NX system magnet ingredient can be manufactured by separating a solution in 
a vacuum or an inert atmosphere like the above-mentioned desirable example. This approach is 
applicable also to the manufacture approach of R2T17NX system magnet ingredient powder. 
[0027] Moreover, in the manufacture approach of said R2T17NX system magnet ingredient powder 
floe, it is desirable to convert a silicon content polymer into an inorganic silicon compound in a 80- 
150-degree C temperature region. According to this desirable example, the silicon content polymer 
as a precursor can be converted into an inorganic silicon compound, without degrading the magnetic 
properties of R2T17NX system magnet ingredient powder (ceramics-izing). If 150 degrees C is 
exceeded, a possibility that magnetic properties may deteriorate will arise. When less than 80 
degrees C, changeover to an inorganic silicon compound becomes on the other hand, less easy. This 
approach is also applicable also to the manufacture approach of R2T17NX system magnet ingredient 
powder. 

[0028] Moreover, in the manufacture approach of said R2T17NX system magnet ingredient powder 
floe, it is desirable by introducing an oxygen atom into a silicon content polymer to convert into the 
inorganic silicon compound which has one which is chosen from the network structure which 
consists this silicon content polymer of the network structure and Si-O association which consist of 
Si-O association, and Si-N association of the network structures. According to this desirable 
example, as mentioned above, a front face is covered with a Si-O system or the Si-O-N system 
ceramics, and the magnet powder with which oxidation was controlled effectively can be 
manufactured. As a silicon content polymer, polysilazane is desirable. These approaches are also 
applicable also to the manufacture approach of R2T17NX system magnet ingredient powder. 
[0029] Moreover, in the manufacture approach of said R2T17NX system magnet ingredient powder 
floe, after converting a silicon content polymer into an inorganic silicon compound, it is desirable to 
grind so that an average diameter may be set to 30 micrometers - 400 micrometers. According to this 
desirable example, it can consider as floe in the alloy-powder end of the magnitude which is easy to 
treat. By the manufacture approach of this invention, if the front face in the end of an alloy powder is 
covered with silicon system ceramics, such as a Si-O system and a Si-O-N system, since [ to which 
mean particle diameter crosses said range ] it becomes massive, powdered floe will usually be taken 
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as the magnitude of the range which breaks this massive powder floe and the above tends to treat. 
[0030] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this invention is 
explained. The R2T17NX phase which is the main phase which constitutes the R2T17NX system 
magnet ingredient powder of this invention uses Fe as an indispensable component for Sm as T as R. 
An Sm2Fel7NX phase can be mentioned as a typical alloy phase of this phase. Especially, the 
Sm2Fel7N three phase circuit has possibility of becoming the magnet ingredient which was 
excellent from the physical-properties value. 

[003 1 ] Although the Sm2Fel 7NX phase is mainly targetted for this invention, in order that it may 
use as the outstanding magnet ingredient the alloy mainly concerned with this phase, what added 
various alloying elements and changed the presentation is made into the object. For example, what 
permuted a part of samarium (Sm) with other rare earth elements may be used as rare earth elements 
R in an R2T17NX phase. As an element which permutes Sm, at least one rare earth elements chosen 
from Y, La, Ce, Pr, Nd, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu are mentioned. Below 50 atom % 
of the amount of permutations in this case is desirable. It is because there is a possibility of magnetic 
properties falling and spoiling practicability when the amount of permutations exceeds 50 atom %. 
[0032] Moreover, a metallic element T may use what permuted iron [ some ] (Fe) by other metallic 
elements. As an element which permutes Fe, at least one element chosen from Co, Ti, V, Cr, Mn, 
nickel, Cu, Zn, Zr, Hf, Nb, Ta, Mo, W, Ga, and aluminum is mentioned. Below 55 atom % of the 
amount of permutations in this case is desirable. It is because there is a possibility of magnetic 
properties falling and spoiling practicability like the above-mentioned when the amount of 
permutations exceeds 55 atom %. 

[0033] If the desirable amount of permutations is taken into consideration, the following formulas 
can show an R2T17NX phase. 
(SmaR'b)2(FecT , d)17NX (1) 

R' is rare earth elements which permute Sm, and its element specifically illustrated above is desirable 
here. T 1 is a metallic element which permutes Fe and its element specifically illustrated above is 
desirable, a, b, c, and d are numeric values within the limits shown by 0.5<=a<=l, 0<=b<=0.5, 
a+b=l, 0.45<=c<=l, 0<=c<=0.55, and c+d=l, respectively, and x is the numeric value of the range 
of2.6-3.2. 

[0034] In addition, although x=2.6-3.2 are permitted as a practical use property, as for the content of 
Nitrogen N, x=2. 6-3.0 are still more desirable on magnetic properties, and it shows the magnetic 
properties in which the case of x= 3 was most excellent. 

[0035] Thus, suppose that an R2T17NX phase is called on these descriptions also including what 
introduced the permutation element. Moreover, as long as an R2T 1 7NX phase is mainly in the 
R2T17NX system magnet ingredient of this invention, it may contain the oxide and alpha-Fe which 
make representation Sm02 intermingled slightly, and the impurity which is not avoided on 
manufacture in addition to this. 

[0036] Hereafter, the example is shown and explained about the powder production approach of the 
Sm2Fel7NX system magnet ingredient which is used for this invention and which it is in the typical 
end of an alloy powder. 

[0037] It is made the alloy lump which does the RF dissolution of the Sm-Fe binary system alloy, 
produces a casting lump, does equalization heat treatment of it over 12 hours at about 1 100 degrees 
C, and makes the main phase Sm2Fel7 phase (Th2Znl7 mold structure), this alloy lump ~ machine 
grinding - hydrogen absorption grinding is carried out, and it is made powder 150 micrometers or 
less, and then heat-treats and nitrides in nitrogen-gas-atmosphere mind. That temperature has optimal 
470 degrees C, and requires about 100 hours in this case. If it is furthermore made an elevated 
temperature, nitriding will be completed for a short time. However, since the Sm2Fel7NX phase 
nitrided when about 600 degrees C was exceeded begins decomposition, nitriding at an elevated 
temperature is not more desirable than 600 degrees C. Although Sm2Fel7 phase turns into an 
Sm2Fel7NX phase by nitriding, the crystal structure is the same and is Th2Znl7 mold structure. 
However, by trespass of N, c axis is large and, as for a crystal lattice, elongation and an a-axis are 
also extended. In addition, annealing treatment is needed, in order for a powdered surface part to 
serve as excess of nitrogen, to become amorphous and to make it a uniform nitrogen presentation 
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after that, although nitriding will be performed quickly, if it heat-treats in ammonia. It becomes the 
magnet powder which has the magnetic properties which were excellent when this powder 150 
micrometers or less was pulverized with the jet mill or the ball mill after this and it was made 
powder 3 micrometers or less. It is desirable to carry out at the above process, without making 
oxygen touched as much as possible, and to control oxidation of magnet powder. 
[0038] On the other hand, as for a wrap inorganic compound, it is specifically desirable that they are 
a Si-O system or a Si-N-O system inorganic compound (ceramics), and the end of an alloy powder is 
not cared about, even if these ceramics is crystals and it is amorphous. Although it will crystallize if 
the ceramics of these systems is generally heat-treated, the R2T17NX phase of the magnetic 
properties deteriorating in many cases, if put to an elevated temperature, and heat-treating at an 
elevated temperature is not desirable as mentioned above. Therefore, stopping in the amorphous 
condition is desirable, without making it crystallize. 

[0039] This Si-O system and the Si-N-O system ceramics can manufacture the silicon content 
polymer used as for example, a ceramic precursor as start raw materials. By applying this silicon 
content polymer and oxidizing under atmospheric air, ceramics-ization advances, ceramics-ization is 
mostly completed by further 80-150-degree C heat treatment, and it becomes the Si-O system or Si- 
N-O system ceramics of an amorphous condition. If ceramics-ization is thoroughly performed by 
heat treatment, an amorphous silicon 02 will usually be formed. However, N will be contained as it 
is imperfect. 

[0040] Thus, as a ceramic precursor polymer, perhydro polysilazane can specifically be used for 
polysilazane and a pan, for example. Perhydro polysilazane is using (-SiH2-NH-) as the basic unit by 
what only hydrogen has combined with the structure (-Si-N-) of a principal chain as a side chain. 
This perhydro polysilazane produces the complex of dichlorosilane and a pyridine, and is 
compounded by making ammonia react to it. An example of the molecular structure of this perhydro 
polysilazane is shown in drawing 2 . However, the actual molecular structure contains many 
complicated and irregular annular sections. As for number average molecular weight, it is desirable 
to use what has the few content of carbon (C) and oxygen (O) about by 500 to 2500. 
[0041] Moreover, perhydro polysilazane has the description of being meltable, in almost all organic 
solvents, such as aromatic series and ester, and tends to treat it. however, it reacts with the matter 
which has an OH radical (hydroxyl group), and hydrolyzes — **** — the activity of the polar solvent 
which cannot use it and dissolves water of neither water nor alcoholic solvent is also desirable. 
Desirable solvents are a xylene and dibutyl ether. 

[0042] Perhydro polysilazane is converted into an amorphous substance Si02 by oxidation in 
atmospheric air, and/or hydrolysis by the steam. The reaction formula is as follows. 
[0043] 

(-SiH2-NH-)+02 ->Si02+NH3 (2) 
(-SiH2-NH-)+2H2 0->Si02+NH3+2H2 (3) 

Although processing at 400 degrees C or more usually needs among atmospheric air in order to 
convert perhydro polysilazane into an amorphous substance Si02, it can ceramics-ize at 80-150 
degrees C by adding the accelerator of a minute amount. Since magnetic properties will deteriorate 
in many cases if put to an elevated temperature, an R2T17NX phase alloy has as much as possible 
desirable inversion at low temperature. Therefore, the inversion to the amorphous substance Si02 of 
perhydro polysilazane has desirable 80-150 degrees C. At less than 80 degrees C, there is a 
possibility that a reaction may become it is late and imperfect, and on the other hand, if 150 degrees 
C is exceeded, a possibility that magnetic properties may fall will arise. 

[0044] Although the thickness of the isotropic magnet powder of the super-quenching flake of 
current and the Nd-Fe-B system currently used so much is 20-30 micrometers, width of face is about 
100-400 micrometers. Moreover, the ani so tropic-magnet powder of a Nd-Fe-B system of the particle 
diameter is also about 50-400 micrometers. Thus, the rare earth system magnet powder of high 
performance has pressed and formed the powder of big particle diameter into a bond magnet. 
[0045] Since Sm-Fe-N system magnet ingredient powder is fine powder called the mean particle 
diameter of 3 micrometers or less, it has problems, like the flow nature at the time of the charge is 
bad, and it is hard to treat it. However, the R2T17NX system magnet ingredient powder of this 
invention uses being fixed magnet powder's condensing in the process in which a silicon content 
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polymer is made to adhere to the perimeter, and condensing by ceramics-ization of a polymer, and in 
case it grinds after making a polymer ceramics-ize (crack), it can make it the almost same particle 
diameter (an average diameter is specifically 30-400 micrometers) as the magnitude of the 
conventional magnet powder. 

[0046] In massive floe, although each magnet powder is a single domain particle, i.e., anisotropic- 
magnet powder, since each magnet powder serves as a small magnet and adsorbs and suits each 
other, an isotropic, magnetic nearly perfect property is shown by floe. Although this isotropic 
magnet massive floe is practical as isotropic magnet powder, it examined using it as an anisotropic- 
magnet object by massive floe so that it may pull out this property since an R2T17NX system 
magnet ingredient is the anisotropic-magnet powder which was originally excellent. When made the 
end of an alloy powder soak and adhere to the solution containing a silicon content polymer, the one 
direction was made to carry out orientation of the anisotropic-magnet particle of each [ the condition 
that the solution of an excess is attached ] all over a magnetic field, separation clearance of the 
solution of an excess was carried out in this condition and the polymer was subsequently ceramics- 
ized, after each magnet particle had carried out orientation to the one direction, the polymer became 
an amorphous silicon 02, and it became the massive floe which fixed magnet powder. When this 
floe was cracked finely, it considered as massive powder and those magnetic properties were 
measured, it became clear to have the magnetic properties of the outstanding anisotropy. The easy 
axis of each anisotropic-magnet particle which forms this massive floe has turned to the one 
direction in one lump, and this is considered to be because for the easy axis to have turned to the one 
direction also as the whole lump. The anisotropic-magnet powder of this massive floe was able to be 
treated like the anisotropic-magnet powder of the conventional Nd-Fe-B system. 
[0047] Moreover, how to manufacture the magnet ingredient powder which consists of ceramics of 
the end of an alloy powder, a Si-O system, or a Si-N-O system was examined. First, after having 
melted the perhydro polysilazane as a ceramic precursor polymer to the xylene of a solvent, having 
produced the solution, putting in the alloy-powder end of impalpable powder into it and fully stirring 
with a stirring rod, the container was leaned, the solution was moved to another container, and it 
considered only as magnet powder and the adhering solution. In this condition, it moved to the 
equipment which can carry out evacuation, and exhausted, and evaporation scattering was earned 
out and the xylene was removed. In order to perform this processing early in time, it is good to raise 
temperature to about 100 degrees C. Moreover, you may carry out in inert atmospheres, such as not a 
vacua but nitrogen gas, and argon gas. However, if there are oxygen and water, it will decompose in 
the condition of having melted into the solvent, and perhydro polysilazane will be set to Si02 of a 
particle. Si02 of a particle has a possibility that aging in which the front face of magnet powder is 
not fully covered by Si02, but oxidation produces a magnet powder front face in the case of 
subsequent exposure among atmospheric air since it is not suitable for that of a wrap, and magnetic 
properties deteriorate may occur. For this reason, as for clearance of a solvent, it is desirable to carry 
out in the condition that neither oxygen nor water exists as much as possible. 
[0048] Moreover, it depends for the coating weight of perhydro polysilazane on the amount 
contained in the solution, and the amount of the solution adhering to magnet powder. Although the 
amount of dissolutions of the perhydro polysilazane in a solution is controllable in preparation of a 
solution, control is difficult for the amount of the solution adhering to magnet powder. Then, the 
approach by centrifugal separation was examined as an approach of making the minimum the 
amount of solutions adhering to magnet powder. The solution was able to be flown was able to apply 
the end of an alloy powder [ that a solution is attached in an inert atmosphere ] to the centrifugal 
separator, it was able to be made only the solution which has adhered to magnet powder thinly, and 
the solution of an excess was able to be removed. In this case, the amount of the solution which 
adheres to choosing the rotational frequency and time amount of a centrifugal separator more can be 
controlled now. 

[0049] Moreover, in order to carry out clearance of the solution by such evacuation and centrifugal 
separation, or a solvent all over a magnetic field, it is good to use the sintered magnet of the high 
performance of the magnetized Nd-Fe-B system. Magnet powder can draw near to this sintered 
magnet, and it can process in the condition of having orientation-ized to the one direction. For 
example, putting in the end of an alloy powder [ that the solution has adhered to evacuation 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/1 1/2006 



JP,1 1-1 3531 3,A [DETAILED DESCRIPTION] 



Page 8 of 9 



equipment ] in the condition of having attracted to the sintered magnet, or by putting in the end of an 
alloy powder [ that attach a sintered magnet in some containers of a centrifugal separator, and the 
solution has adhered there ], and attracting to a sintered magnet, magnet powder is easily orientation- 
ized to an one direction, a solution can be separated or evaporation clearance of the solvent can be 
carried out. 
[0050] 

[Example] Next, the example of this invention is explained. 

[005 1 ] Weighing capacity of the predetermined amount was carried out, it was put into the crucible, 
it dissolved by high-frequency induction heating in argon gas, and Sm metal, electrolytic iron, and 
titanium sponge were cast to mold. The casting lump was held at about 1 100 degrees C in argon gas 
for 1 2 hours, and it was made homogeneity. The part was investigated by the X diffraction after 
cooling slowly to a room temperature, at ** and the time, most was the phase of Th2Znl7 mold 
structure, and the diffraction line of alpha-Fe was extent a trace is slightly accepted to be. Moreover, 
it was checked that the alloy of the presentation which Sm is Sm2.01 (Fe0.995Ti0.005) 17 if Ti 
expresses with Fe and the remainder expresses with a chemical formula 0.33% of the weight 24.16% 
of the weight, and was planned mostly is made by the component analysis. 

[0052] The alloy lump after this homogenization was divided and it put into the high pressure vessel 
made from stainless steel, and hydrogen inert gas replacement of the ambient atmosphere in a 
container was carried out, the hydrogen-gas-pressure force was raised to 40 kgf7cm2, and it put into 
the electric furnace. Since an alloy lump began to absorb hydrogen at about 90 degrees C and the 
hydrogen-gas-pressure force declined when temperature up was carried out gradually, hydrogen gas 
was added and the pressure was maintained at 40 kgf7cm2. Hydrogen gas is exhausted in the place 
which absorption of hydrogen ended, a degree of vacuum is lengthened to 10-5Torr at about 310 
degrees C, OFF extracted hydrogen gas, put in nitrogen gas instead, raised the nitrogen gas pressure 
force to 50 kgf/cm2, raised it to 470 degrees C, and nitrogen was made to absorb. It raised to 520 
more degrees C, and nitriding was promoted, it held at this temperature for 2 hours, and the high 
pressure vessel was taken out and annealed from the electric furnace. The alloy was classified by the 
ejection sieve from the high pressure vessel, and nitride powder 150 micrometers or less was 
obtained. Yield was 95%. The remainder is alpha-Fe mostly and Fe which remained since Sm of a 
lump's surface part flew and escaped from this at the time of heat treatment of homogenization turns 
into alpha-Fe. a part for alpha-Fe which is not nitrided from the difference (increment) of the weight 
at the time of the charge and recovery — amending — the amount of the nitrogen in the end of an 
alloy powder - about - it was x= 3.0. That is, it will be shown by Sm2.01 (FeO.995Ti0.005) 17N3.0. 
The air-current type jet mill ground nitrogen gas for this powder as carrier gas, and impalpable 
powder with a mean particle diameter of 1.8 micrometers was obtained. 

[0053] Next, the xylene solution which dissolved perhydro polysilazane 5% of the weight was 
produced. In order that the used perhydro polysilazane may promote ceramics-ization at low 
temperature, the acetylacetonato complex which contains nickel, Pt, Pd, or aluminum as a metal is 
added. The impalpable powder of the alloy used as the above-mentioned nitride was thrown in and 
stirred in this solution, and collected one, with the solution adhered, and put impalpable powder into 
the container of a package and a centrifugal separator, and it made the filter paper rotate it, separated 
the solution of an excess, and was taken as A sample. Another puts in the impalpable powder to 
which the solution was attached into the container of the centrifugal separator equipped with the 
magnetized Nd-Fe-B system sintered magnet, was made to stick to a sintered magnet through a filter 
paper, rotated the centrifugal separator, separated the solution of an excess, and was taken as B 
sample. 

[0054] the constant temperature which can carry out evacuation after it wrapped A sample in the 
filter paper and B sample has stuck to a sintered magnet — evacuation was put in and carried out to 
the container and it raised to about 100 degrees C, and evaporation clearance of the xylene was 
carried out and it dried. It sent into after [ cooling ] atmospheric air at the room temperature, the 
floes of massive impalpable powder were collected, these were cracked, and it was made 30-400- 
micrometer massive floe. It processed at 1 20 degrees C in atmospheric air after that for 2 hours, and 
perhydro polysilazane was converted into amorphous Si02. 

[0055] After returning to the room temperature, the magnetic properties were measured with 
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oscillating sample magnetic-measurement equipment (VSM). Orientation of the measurement 
sample was carried out all over the magnetic field, and after it magnetized with the wax, having 
applied the pulse magnetic field of 6T (tesla) just before measuring a briquette, it was measured. The 
result is shown in drawing 1 . 

[0056] Although B sample (curve 2) has large magnetization, it understands that magnetization is 
low for A sample (curve 1). Then, about A sample, the measurement sample was produced again, 
and wax immobilization was carried out in the non-magnetic field, without carrying out orientation 
in a magnetic field shortly in that case. The result of VSM measurement is the magnitude of 
magnetization of almost same extent as the last result, and it became clear that floe was isotropy. 
That is, it is thought that the massive floe which the impalpable powder which is a single domain 
particle carries out adsorption condensation, becomes isotropic and is being fixed to each other by 
the amorphous silicon 02 since A sample carried out evaporation clearance of the xylene of a 
solvent in the non-magnetic field, therefore was cracked serves as an isotropic magnet. It can be said 
that A samples are about 7 kG(s), and the residual magnetization Br which is an intersection with a 
magnetization shaft is a value near the abbreviation one half of 12.6kG(s) of Br of B sample, and is 
isotropy mostly. On the other hand, since B sample was dried all over the magnetic field, the 
impalpable powder which is a single domain particle carries out orientation in the direction of a 
magnetic field, and is being fixed to it, and massive floe serves as an anisotropic magnet. 
[0057] The accelerated test which leaves the above two samples at 120 degrees C among 
atmospheric air was performed for 100 hours. Although VSM measurement was performed and 
aging was investigated after extracting the part, carrying out orientation in a magnetic field every 1 0 
hours and fixing with a wax, there was almost no degradation of magnetic properties. That is, in 
order that the impalpable powder of a magnet alloy may be covered and may not oxidize by the 
amorphous silicon 02, it is thought that degradation of magnetic properties does not break out. 
[0058] The magnetic properties by the VSM measurement after carrying out an accelerated test for 
impalpable powder with a mean particle diameter [ having carried out jet mill grinding ] of 1.8 
micrometers at 120 degrees C among atmospheric air as an example of a comparison for 2 hours are 
added to above-mentioned drawing 1 as a comparison sample (curve 3), and are indicated. This 
measurement sample expresses the magnetic properties of the easy direction of magnetization of the 
impalpable powder which is what carried out wax immobilization and is a single domain particle, 
carrying out magnetic field orientation. It thinks because magnetization fell compared with the 
magnetization curve of B sample so that clearly from drawing 1 , it was falling, so that coercive 
force (iHc) was also close to the reduction by half, and oxidation progressed. 
[0059] 

[Effect of the Invention] As explained above, according to this invention, aging can give oxidation 
resistance to the R2T17NX system magnet powder used as a problem that it is easy to carry out 
oxidation by covering the front face in the end of an alloy powder with the inorganic compound 
which consists of an oxide or an acid nitride. 

[0060] Moreover, the R2T17NX system magnet powder floe of this invention is easy to obtain as 
magnitude of conventional magnet powder extent for bond magnets which is easy to treat. 
[0061] Furthermore, by making the solution containing a silicon content polymer distribute the end 
of an alloy powder according to this invention By considering as the manufacture approach including 
the process which makes said silicon content polymer adhere to said front face in the end of an alloy 
powder, and the process which converts the silicon content polymer adhering to said front face into 
an inorganic silicon compound The R2T17NX system magnet powder with which oxidation 
resistance was given, or its floe can be manufactured rationally and certainly. 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the magnetization 4pil-magnetic field H curve of the 
magnet powder obtained in the example of this invention. 

[Drawing 2] It is drawing showing an example of the molecular structure of the perhydro 
polysilazane about this invention. 
[Description of Notations] 

1 Property of Isotropic Magnet Massive Floe Produced in the Example 

2 Property of Anisotropic-Magnet Massive Floe Produced in the Example 

3 Property of Magnet Powder of Having Carried Out Accelerated Test in Atmospheric Air for 
Comparison 
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3 2 6 2 2 9^4>S) o 

[000 a] «»»arz-;x^^siBftf<D*« 
*B<b*asaiiix*Ba»iz j: y ##±ja*i±tt5fc«ffi 

*ZnaBLfc«5t»5Ri:-r«»aA<ttt>ttX^S (*# 
SfJ¥8-1 439 1 3-5|4*$8) . 
[0 0 0 9] U±0>J:5l=. tt*(DHttftttf*^a«lC 
(4. «1BjS5c** ftlCZn£&:5t&;fcC&^®|:::&|g£L 
X^rt-TStiDA^L^ :©SStt» Z n0>*# 

MSSfrU Zn?Sm2Fel7NxM5«»*(Da^S 

[0 0 10] 

[*W3b<»*LJ:5i:-r4KH3 hS&O)* 5 In. Sm- 
<blcfc££#*.£>*i<5o -CD 7c (56. asf&SUcBKibtt 

yBBflstt£tfr#L/=Sm- F e -N^5S^« 

»f4*fc # Stffl<blzSoXl^L^ 0 

[0011] *fc % Sm-Fe-N^ie^lt rnlSi 
CDcfc^lZ. 3/imlUTCDmmE3tu^lZftofc^l»*Xfe 
£ e a*0)*±H*7B>K«5rcfflL^ttX#/=2-1 
7lSmCol5^Nd-F e - B XHllMIi^ H D 
D R^l^ci: ^ N d - F e - B US ttt»*li. ^(D^S) 
ttT-Stfl 00/im~4OO/i mt U3ftl^ai^t * 

»»<D3/imJsiTa>a»*ii. »t^it<. «fe*a>»SS 

[0012] frfr«4tffil::fi*K ft3fe<hl4^ 

J: y BBMbtt£{*# Lfc Sm-Fe-N$I 

r*. B»fctt$»L«t*<**>* »yai^f i^tt*o>» 

[0 0 13] 

<b*fe«i:tfaafl:a^6atf*v«L^r*t3^a>»«ft*iB 

t^bMctf«f9(tt6. tztzL. RI4. SmB 

att4*ft< i aa>*±S5c*xfcy. ti4. f 

ej^t^< i aa)*«5c*xfcy. x 

(4. 2. 6-3. 2<DffiffllCfc£SffiXfe5o CCD £5 

ftartt-rsctizcfey. »a<btt**-r*R2Ti7 nx 



x ffim-T 4 c £ iz * y HBibtt * tt *r * *> a) v fe 4 o 

[0 0 14] HUIBR2T17 Nx^S«^t»*{^*5l^r 

(i. ft Wbft1fe*<fttt£S1bdttfr £ £4 - £ L 

(♦Mia*, mm&mit&mt* s i -og^b^^^ 

S i -0*v — <7«ig^f-l*S i -O— N*? K7 
— ^*8&£3rr4* 1**30 4 S i -Olt&tzltS i -O 

-NXMMbfrlfe (-fe^s?**) -c*?cfcizj:y % 20 

&&»*a)M{bA<»*wir«ia*n4. 

[0 0 15] fjfHR2Tl7 Nx^5SS»*4l»^i^fct^r 

[0016] *fc«nEBttsart-r*fc«)f=* 

R2Tl7NX»«Stt»tt*»»(*l*. B5IHR2T17NX^ 
K5*m»3|SJ&<. ¥&m&t>< 30/im~400j/ m(D^ 

t^-^CtlCcfcy. »*A<aL^«<. «*(DM6SMI:: 30 

[O0 1 7] WER2T17 NxStt5«»»*»« 

R2TW Nx3R«5»»a>«*i/t«*»tt*SA^-r- 
£a<pTHg£fc4o 

[O0 1 8] *^^<D7t?> K«5I*. '>£:< fc** ME 

R2T17 Nx36«5#»»**5«fci;WER2Tl7 NX%ffl5 

c<t$^a<hf 4o C CD£ 5 fc«fifclzr4 Z £ fz J: y . 

R2T17 Nx3K«5»»»*fcJ:i;R2Ti7 Nx*«5*t« 
«HHLfc7|*>K«5£*4C4:A<-Cf£4. 

[0 0 19] *fclJEBW*a*-r*fciOlC. #S£Bj§tt> 
R2T17 Nx3R«5*t»»*0)»iS*ai*. R2T17NX*S 

a***#yv-t*«a*<bft*n=ea-r*xate 50 



*f!HI¥1 1-135313 



r*L4ifflEfcB«t?fc4o 

[0 0 2 0] *5£W<DR2 T17 NxS&B**?4t8;fc£>Sgig 

*aicj:*Ltf. »Kfl:tt£#'r4R2Ti7 NxMWfi 

tft£ (Sm-Fe-Ng«5»S8*) * < 8S 

-r4z£a<-e#4. -r m&#\zt$i*xmm&m 
#ij7- £ft*e»xic«r*$i±«c&i=j:y. 

(Daa^aHl^ilMb^ttfrcfeyH^ci: 4. * 
fc. MUMKIMMftf*. maw>J:9l::. SJELfciMbIS 
it» £ LT»f:LlMb£88-Cfc4. 
[002 1] «TER2Ti7 Nx36«5»»»5R(D«5t*a 

0>MHbftttJ£# (t7.5'^X^) ^S&^LTSfrB 
»»tt*rt(D*«ttrt»*a**i4-4Ci:^-e#4fc 
tf>. «9H*tt*lRl±*i*4ct3&<-e#4o 

L^4*M6* SS*»*-J- 4 Z £ #»* Ll\, 

[0 0 2 2] HUER2T17 NX^{S5^»t»^CDS 

t-&Cti<"C#*. ft«LfcjS*l±. #SfcSMK**# 
«J v-$«IS'r4/=«>l^*/Maa)*t "T4 z £ L 

[0 0 2 3] *fc«TEB«l*afiK-r4fci6ir. *2i58a> 

R2T17 Nx3R«5*r»»*a»ft:a)fia*aii. user 

2T17 Nx3R«5»»e*a>«Jt*stl=i3t^-C. R2T17 

Nxfis±i-r 4d*»*a)Mira***#y £ 

ttS*i*4z£lc.fcy. SJE^*»**<»«lr»l6Lfr 
&S£#£#4z<h£ft&<t-r4o Z0> J: 5 4 

[0 0 2 4] ^fc. IJER2T17 NX*«5*t»t»*a* 

u ^— s#jr*-frfca-efcoTffirEaffii3tt*Lfc^* 
«*7Ky7-s**a*<b*aice»-r4«r^. ^sum 

»£ftffl*1*4Zi:lc«fcy. 5S{b#^$S^-^co^^lc 
E|pj*l*4C4:A<#*LL^. Ll^«lc 

R2TnNx xasttftoxtifeaftttttts^L/btt 

[0 0 2 5] WER2T17 NX»«S*t»»5R»HI 

I^Si±aA<^fflE*»<D»»*»«r4CtA<»*U 
L^o CO)»*Lt^«l=«J:*Ltf. R2T17 Nx^«5tt»f» 

*o>«fts«i*£— %.o>J5fa\zmft£i£xm^-f&z.t 



(5) 
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4. Z<D£?iZ? &^£X'R2T\l Nx^SfreW&C&gtl 
<ta<T*£4o 

[0 0 2 6] HHieR2Tl7 NxS$S5*t«t»*^m 

\zxmm£#mT&zti~&v % r2ti7nxs«5»» 
[0027] *fc % «neR2Ti7 Nx&MEVtm®*imm 

Ll\, ^(D»*LL^«lrJ:*Ltf. R2 Tn NxSHtEttft 

^se-fb-r*j3**t*<*i:*. soic*»t«t 
t,. R2Ti7Nx^at5»»tt5K<D»jssaictigffl-r* 

[0 0 2 8] H?IBR2T17 NX^fflt^«*4f»^a* 

-ofi^c»3B:4^7 h^-^tSigfe^l/s i -o|£<£ 30 
ir|£8rt-4::£A<»*Ll>. CO>#*Ll*«l:: ( fcjh.tf* 

l±. 7KU->^if>A<$?^Ll^ -*lb0S^t, R2T 
17 NX»«5#»»5fe<D3H3t^aictiSffl-r*Ci:A<-e 
#4<> 

[0 0 2 9] *fc. «riBR2Tn Nx««5*f8»5RaiK 40 

(SmaR* b) 2 (F ecT' 
:Ct\ R ' liSm£M&^4^±S7cgtTrfcoT. ft 

■8rt-4A«7£St-t?*oT\ AttttlclttJKI-WsFLfc 
5c*A<»*L<. a. b. c. dtt-^tl-f+L. 0. 5^ 
a^K O^b^O. 5. a + b=1. 0. 45^c^ 
1 , O^c^O. 55. c + d = 1 IC£oT^£*l4ra 
mft<D&i&V&y) % x(i2. 6-3. 2COTO®0)&ffiT- 

fe4 0 

[0 0 3 4] ftfe\ a*N©4*»li, x = 2. 6- 50 



^b^^)!cfi^L/c^fr s ¥*DiS&J&<3 O^m-4 0 O// 
mt§4J:5l:»»t4Ci:A<»«L^. C<D»£Ll^ 

!&3fca>a®£S5c*:5lz-r4<!=. t»3ka>;gjgt*li 
-f 44,<&T:&4o 

[0 O 3 O] 

[*tfa>5Mfia>«sffi] jut. **wa>»*Lt^swsa)» 

jg|COlNTl&^4o *^0)R2 T17 NX^«5*r»t» 
3fc£^ric^4£fflT;fc4R2Tl7 Nxffil*. RtltSm 

TfcLTFe$!&a«»tt4. C(Dffl0)ftaW4 
S&te£LTf*. Sm2 F e17 Nx*§£^(f 4Ct#-C* 
4o ^trt. Sm2 F e17 ^<Dtt1±ffifr 

fc«5tt»£44Wffitt£#LTi**. 

[O O 3 1 ] *#£fp!fi. ±<h LtSm2 F e 17 Nxfi£2* 

*i0>*i*Hk£ LTl*4o R2T17 NxffilZfclt* 

fttlSiRtLt, +>-7«J^A (Sm) (D— SP£ife<7) 

^-45cft£ LTf*. Y. La. Ce. Pr. Nd. E 
u. Gd. Tb. Dy. Ho, Er, Tm, Ybfccfctf 

-<&i§£-<DM&M:l* 5 0D^%JUT;b<$ff£Llv 

S^MA<5 0H^%$@^4<tffiim^1i75i<fiTLIIffl14 

*««C5J3**t3&<fc4^&1?ft4 0 
[0 0 3 2] ^f-^JSTC^TIi. & (Fe) 

t* 47E*«t LTli* Co, Ti. V, Cr. Mn. N 
i, Cu. Zn. Zr. Hf, Nb, Ta, Mo. W, 
G afccfctf A I ^f>glftu4'>4< £ti 1 OCDjfc**^ 

lfb>tL4o CtDif-a-cDg&glis 5 JKT-%JaTA<»* L 
»ttA<«TL*ffltt£aft5te-tttA<fc4A^-Cfc4o 

[O O 3 3] #*Ll*«**£%lt-r4fc. R2T17NX 

fil*. J5lTO)3*lzJ:y^-rct*<-C?#4. 
) 17 Nx ( 1 ) 

3. 2tf*ffl»ttfcLTl*S**l«*<. x = 2. 6- 
3. OA<»SH*ttJiaF&lc»*L<. x = 30)ii^rA<fi 

[0 0 3 5] CCDJ^fc. IfeTufSiAL/ctOtt 
<fcT. *5Bffl»l?l±. R2T17 NxfttftTZ^t it 
4o *fc. **W0)R2T17 NxSM5*tStt. R2T17 

NxasitLtL^n t3^f*M=aa-r4sm02$ft 

« f 4Kfl:«5^ or — F e ^*cofft«2E±Bi+ &*ttti* 
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[0 0 3 6] VLT. *§£m~mi*&it&to*3:^'£®3ZV 
fc£Sm2 F e17 NX Jfim&ttft<D®*ftm5ft \Z~D l^T 

[0 0 3 7] Sm- F e 2 7C^^ ^JD&jgg? L THit 

#£tt»u ^*x£isi 1 oo°cr*i znmfrttxm- 

MjllLtSm2FenS ( T h 2 Z n 17 ^flliS) &± 

m®&LT^ 5 0A/mJaTOt»*fcL. *dS*»H« 
x.£<t^bL^Sm2 F en Nx &#)£<7>-e. 

6 0 0°C£yg;grg{br£(ZM4#£L<£i:l*p Sm2 
F e17ffil±B1bl::J: tj Sm2 F o 17 NxffilCft&tf* S3 
«ifiliHC-eTh2Zn17a«3STffc4. fcf£U t££ 

[0 0 3 8] -75\ ^*»*S«5*i«fl:^1*tt, Mte 
s i -oS*fclis i -N-o^«g<b^&3 

ttlitt«<b-r4A^ HtJi^CDJ: 513. R2 T17 Nxfflttffijg 
lcB§**tSt^a>Mfl^tt*^b^--5«^a6<^<. ^ 
Vt&fm-t&Z.£\*»&L<1£l*o Lfctfot, ISA 4b 
* i± « C £ & < 7 * ; U 37 7 X « ft I= ± tf> -5 C £ 1)< » * L 

(-S i H2-NH-) +02->S 
<-S i H2-NH-) +2H20 

«*(DfiitMSailn-r*ct(cj:y 8 0-1 so 

"C-C-b^S ^9Xftt5uttf"C#5 8 R2Tl7Nxffl^ 

fcfc* T?#£/£lf«S^O>«fcA<»*Ll*o LfcA<^ 
r. "^Ufc KptK'J *>7-y><DJEMS i 02^(DK<b 
14. 8 0-1 5 0°C^Ll>o 8 0°C*jST*liJ5iS*< 
a<A^?FS±tft*fc*4lA<fty. -7j\ 15 0°C? 

[0044] Jll:ttfflS<lTl^Nd-Fe- 

O // mt'W 1 00-400// mfUg-Cfc& D * 

/c. N d - F e - B i^I^ill^K* ^ s ^(Dtk^Gk 



[0 0 3 9] COS i -O^L Si - N-O^-tz^ S V 

-b^ S -^XttA^tfrU S f>lz8 0- 1 5 0 o C(D&*& 
lie* iJ-b7S *£XftjM$fS»7 L^^yXtt 

[0040] ccd* dd. -tr^ = ^xffNEtttf'J "7— 
#«J v^if>(4. ±®0> (-S i - N-) tttiftieflMJ: 

LTTk^CD^tfe^LTl^t^-e (-S i H2-NH 

7*>i*5*pp ->^>fc tfy e»a>a«Sft«L. * 
Hi^T>^-T^SJS*i±4c < tic e fcy^fi£$n4o - 

(D^;ut Kp*U v^><D#T«i£<7>-0q£S2|c^ 

af^Sii5oo-2 5oogjfe, M 

* (o v&m (o) i>*(DSffiffl-r* 

[004 1 ] &tz. KO^'JV7f>[^ ^^Bl 

^^LTfcy&L^^l^ 0 L^L. OHl (tKKS) 

30 ^UX-fiU-efe^o 

[0042] ^;ut KP^'J *>^-tf>(*. 7C^*-C:CDM 

s i 02lz^b-T4 0 ^cosi^^(iiilT(Diiy-cfe4o 

[0 0 4 3] 

i 02 + NH3 (2) 
->S i 02 + NH3+2 H2 (3) 

40 [0 0 4 5] Sm- F e-N^mH*t^t»*l4^15)ieg 
(DR2T17 NX^S«^»^(i. «5»5fe^-tG>fflHrz 

tt**##y 7-s#»stf*aa-e3aiLr*u 
^^j^L. Tpy^— ^-b^s-y^x^b^-a-fcar-ftft 

ft^g (mi*^l^f4¥^itSA<3 0-4 0 0 Mm) tT 
50 [0 0 4 6] &Vt(D&m&lZtil\Xl£^ ®*<Dm&&3Z 
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«s?*xfc-r*fc* «*<D»sa«*j&<-^iaHcE 

;£ffi£Al>Tl>4/cto^fc4£**£*l4o 20 
[0 0 4 7] *fc % %±&nt. S i -O^^fcliS i 

p B 1Mlc^<(r5.fctolci^ ffci oo°c< P,L^t*SSS 

#Xftt*(D^gtt»H»*-CfTftoT4,«3bft^. fc*£ 
fcSltCA/Kttffl-C^PLTattT-CDS i Oztr^^o 

a&TcDS • 02iiW5»3imffi$H5a>i::i^T^ft 
[oo4 8] *fc % "<;ut kotKu ->5if>a>tt** 

-r**atLr3ao»»i-j:«^a*awLfeo rait 



d (omz &*b#m&o>\siSz%i t mm *a«-r 4 1 c * y » 

g-f 4Si$(BS£=i > hp- ;U"T4c ktfx*$&£olz 
[OO 4 9] 3ztz. ^3LfcKffi*a*ait>»«HzJ:« 
*if-N d-F e-B3Ra>Ktttea>«»tt5£JHl*4£«fc 
ElRHbLfc«B-effl3S-j-4ci:3E»«Tf#4. «*tf* E£ 

i^«L^-3it/=ttffl-ex*i« c: <t ic j: y % fc4 LM*st># 

Ctlcj:y. S«(za5»**-*|fiurE|fi|fcLT»j« 

[0 O 5 0] 

[00 5 1] Sm;<$;U£m^»<tX,1^^£><£:£ 

m^om.^mmLxjwmzxH. 7;u=f>#x*i^r 
iasas3Sisi^rccfcy»»LTfiisrza5SLfco eisa 

$7 r ;U^>#X*T?*9l1 1 0 0°CTM 2B$ffl£M#LTig 

fti^Lfc. saiicaAa-c-a>— xmrnvrxm^izt 

-4. IStA/^T h2Z nnS«*(D«-efcy. or- 

f e<n®KmittTfriz&mtfmto*tizm&xto'z> 

tzo *fcttSt»«flCj:y % Sm*<24. 1 6ll% % T 
i*<0. 33Mfi%. »«M<Fe-e. it^X^tS 
m2.01 (FeO.995 T i 0. 005 ) WCfeoT. [JlS^^L 

fc «§fiEa>^*^U3 *r i * 4 c <t timm z titz . 

[0 0 5 2] C©J«fcffl3«(D*A*£#aLTX J r 
>UXl?(DigE#g(rA*i. #3§rttf)flSSfe£7Ki&#X 
M&LT7K§$t;tfXl±;fr£ 4 O k g f /cmZfZjilfTm 

a*PlcAttfc 0 &*\zmi&LXl*< k&9 o°cx-&&yt 

ItfcmZi&VSLLfttb. **#XjEa*MSTLfc0>7?, tK 
Jg:tfx£iift]L-CE;fc£ 4 O k g f/cm2|cSofc 0 
TKmcoqftilKA^TLfc^cl^-eTKm^X^a^Ll^a 1 

0°C-CK^S^ 1 O-S T o r r ^T? ?l ^^0 o T#*#X 
Sffi*. ft^yicM^^X^A*!.. -€-0)a«#Xff*S 
5 0kg f /cm2|z±lfr 4 7 0 °C|Z±|f "C^^ 

*blC5 2 O^C^-e±lfTM<t^ffiiiL. C 

;*Lfc 0 »ES«A^&***ftyasL^u-fe»«LT 

lca<0aB5»»a>SmA<aA/T?tftltfcfca6lcaofcF e 

A<or- F eirftofc^(DT:fe4o gA^<hIslilX^CDma 
(DM (4UD») ^^aftLftL^or-F o»S»iELr* 

*t»*+(DB*a>*iif$Sx = 3. o-efcofco -TfcJb 

*>Sm2.01 (FeO. 995 Ti 0.005 ) 17 N 3. 0 Xt* ^ tl*4 
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[0 0 5 3] ^iC^Ufc KP*UV7^>?511%^ 

tg^LtN i, Pt. p d^tzlt a I ^fcT-feTJU 

-Dit®L®m& %m<tt& ufc**igjte it 

[0054] A*>:7ju*5«T?flA/-e. b-»>^;u* 

tl^a»Sfl!)»I«:$@iRLCtLbS»*Lt3 0- 20 

4 o o//mcD^tt^m*i^L/co *a>ffc*si+-e 1 20 

[0055] sai-fliLT^t)fi»K»«*aisss 
(vsm) t?to)lsi#ttSffl$Lfcc M-v-r/^utt 

[0 0 5 6] Bif>^;U (A&2) (4»ftA<*#l^<A 

(i8D (iWbJb^et^ct^^-So 30 
■e. A^>^;nroLNrfill®5iI^-9->^;u^f^gL. 

jST?&4»BBfcB r l±A-9->^H4»7 kGt\ B** 40 
>^K?)B r012. 6 k G(D^^|Cjat><i"C fe U (5 



[0057] ]U±(D-o(D-*>30u£;*:m* 1 2 0 0 CT- 
ftttSfilHSS 1 oo^Hffftofco 1 OBtPalSlc 

^vsMaS^fr^^rS^^<b^IS-<fcA<m^14cD 

[0 0 5 8] it««tLr. 5?x* KSJUtft&LfcSS 
IHftliKtt& L tz'&<D V S Mjg|£|Z i: ^^^ttf±2 

<dbi izttm&>zffr (iK3) t LTiittiLTtem-r 

m^#tt$^Lri>^o si frfeQB&fr&cfc^hlB-*:/^' 
[O 0 5 9] 

[*W0>SMi] Ja±lR^L fed: o \z % **Wl3«fe*itf. 
y 5 5 d t \Z J; y . mttf L%< l£B**fl: *<H 

[0 0 6 0] ^fc. *SMH(DR2T17 NxS«5»*a« 
[006 1] £t>|z. & 

fft^7Ky-7-S#t;?S?Slc»»*-iJ--5c:^:lzj:y. m 
^b^^(z$2^4X^<h S*t?«ift*2fe t-r 4 C £ iz 

i**o>auiif***a»^o**r=«ia-*-* c <t a<t? * 

[BBOtMLftlWH] 

[B2] *«RlcH^«Kiut Ka#y '>^+f>a># 

[«*a>itm 

14 
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imM [12] 




««H(kOe) 



